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HIHBFEE DV =7 L% (Curriculum Development and Implementation Directorate: CDID)
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Source: Minutes of Meeting between Japan International Cooperation Agency and the Ministry of Education of the Federal Democratic Republic of Ethiopia for Amendment of
the Record of Discussions on the Project for Mathematical Understanding for Science and Technology (MUST), 26 February 2021, Annex 5.
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BIRR 5 1 [EISETAR 5 2 BIEETAR
Dated October 19, 2018 December 16, 2020 September 26, 2022
Version No. 1.0 3.0 4.0
Implementing | Mathematics and Science Curriculum Development EHERL
Agency Improvement Center (MSIC) | and Implementation
and other institutions Directorate (CDID),
Mathematics and Science
Improvement Center (MSIC)
and other concerned
directorates
Target Groups | Grade 1-8 primary school Grade 1-8 primary school Direct Beneficiaries
students students Grade 9-12 students in all
Grade 1-8 mathematics regions: 6,993,656 students
teachers Grade 9-12 mathematics
Grade 9-12 students teachers in all regions:
Grade 9-12 mathematics 14,640 teachers
teachers CDID, MSIC Mathematics
CDID, MSIC Mathematics Experts
Experts Regional Education Bureaus
Regional Education Bureaus’ | Mathematics Experts of all
Mathematics Experts regions
Indirect Beneficiaries
Grade 1-8 students in all
regions 24,620,963 students
Grade 1-8 Mathematics
teachers in all regions
(46,244 teachers)
Super Goal Quality of basic education is | The learning performance in | 288 72 L
improved mathematics is improved
Overall Goal Students’ learning outcomes Educational activities based BEL
of satellite schools in model- | on the new mathematics
school clusters are improved | curriculum are promoted
Project Purpose | A scale-up model for Educational activities based THERL
improving students’ learning | on the new mathematics
outcomes in mathematics is curriculum are introduced
developed
Outputs Output 1: Reasons for lower | Output 1: Quality of the Output 1: Quality of the
academic achievement of mathematics curriculum mathematics curriculum
primary school students documents (flow charts, documents (flow charts,
in mathematics are MLCs, and Syllabi) are MLCs, and Syllabi) is
analyzed assured assured
Output 2: Lesson support Output 2: Technical Output 2: Technical
materials for students and recommendations, based recommendations, based
teachers are developed in on the situational analysis on the situational analysis
gradel-8 mathematics of classroom practices, of classroom practices,
Output 3: Good practices in are incorporated to are incorporated to
implementing lesson Grades 9-12 textbook Grades 9-12 textbook
support materials for editing strategies and editing strategies and
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students and teachers are
identified in each model
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6 Solomon Wendimu M Textbook development unit expert
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8 Hajji Bulo M Curriculum director
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24 Gebremichael Abemsa M Curriculum Dept. Group Leader
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ERROEIHIEIT T, ZOBRIZEINIC L S iz, TR EROEENIZOW T T TR L < @i
T2, ZOED FITIIEL RIEHDREH SN TWDL720, ZORBITZIIZEY . R< AR5 2L
2B LTEL,

462 HBFRERICKIHEAWHE

L —F—WHEE OB AME X, MoE 12XV, R UARZFRERE B DM N L—F—%
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5ODOIFENILL T DY Th D,
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222 | 202
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Lesson Observation

Induction
training

Rubrics (Self-Evaluation)

Subject Teachers’ Meeting

A N\ JAN VAN

Achievement Test Unit-end Test Achievement Test
No. 1 No. 2

K44 /840y FOE=R Y VHFEED=-6D MUST IZ& D 5 DD E15EE)

RHERIZ
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(P77 1) (9-10 F£4) (9-10 £4) (9-10 £4)

Kokebe Tsibah Yeka AV =1 N 94 1 25 9 #4967 10
Secondary School 10 464 - 15 10 FE4E - 668
Beshale Secondary | Lemi Kura AT B =R 9FEA 1 12 94 978 7
School 1044 : 9| 104F4 : 518
Abyot Kirs Kirkos AT @ = 94 L 11 94MEE 462 6
Secondary School 10454 - 9| 104FE4: : 338
Tesfa Birhan Yeka VAN AY (= 94EA 1 12 9H-/E ¢ 523 6
Secondary School v 1044 0 7| 1044 : 322
Andode Secondary | Lemi Kura VAN AT = 9OF4E 6 9 A ¢ 420 6
School >k 1044 : 6 | 104F4 : 383

¥ T F AT RE20154E (2022/23) Wi,

PLFTIXZD S ODIFEENZHOWTRRIA L, IWE L72dEA T — X DEBIONFEREZ E L D5,

O MUST ®=# U v 73 filZ. MoE DFE =%V o 73 & W4T L CHEM S 72, MoE 13202245 12 A 18 A5 2023 4E 1 A 5 H

O, T athE=F ) I F—LEFAETREDO/A 1y ME 53 RIZIRE L, FEBRELBE~DA L a—
ZFEM LT, FOREIE, 2023F 2 HIZB ST —2 v a v P THEBEBBEIC 7 0 — Ry 7 ST,
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Session 2 | =F A4 7 @RECFEE OBUR TR
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Part I: #iELIREL KR L TH LD ! 3, 15E)
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Session 5 | XV BVMRZHEEITH 2ODOFEKEN e b FEE

HEIZ N A 1y MR 3 R TER T80, BE O FOREICEKENH LD TITE V)
abdbotz, LinL, BWHERK TRHCSEM L7 ERIRORE R, HHEITKH 2 i e EOHE N A O #
REEIZOWTIE, MR EEHRRIEN S LN (F4.15),

# 4.15 EAHEICXT 55 MEFEDFEM
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SERENT
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- BB 17
WHE D FEAT
LS RE 2.(E 3. 000E 4. 0EE
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C FEBE LS RO (BRI Y ISR RS ERE SN S K ) BA
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BRI OME T SV TR B R AR L, JEREITHD L7 BT R
DR IEI AR 5.,

C EREOERERN LS, WSS KT D A UET 5.

MUST (&, /54 1y MEOREICZ, /¥ - A vy MEOEREL W SO0 RFE L, BUTHE
ENEDOLIITH AN TW D EHERE LT,

BREBEOHM

AR EO A 1y T 202249 ANbiaE o7-, BEBIENL. 20224 11 A0S 2023 45 A
FTO T H AT TER ST,

BEEEY—

MUST %, #REHZRL— M2 L, #BELREOIRNITIH > TV D DHERT D720, REOWN
REBMZZET AT O L (K45),

REFLE L — NIMA, = FAETMTEGEARERY —/L & LT, 202342 A1 Th—71 v 7
DEAITZ, ZiuUE, TIVETMUST BRFEBZERZIIT TOWEREORVIED IR DHHDT
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TFACTEBEEIRO 20 OFE - BFHE T oY =2+ (5B 28
EWTE T MEE

Lesson Observation Sheet Page & Topic: Date: Class:

Evauation item : Teacher's nam e:

Lesson flow Textbook §tructure

No.of student:
Write lesson topic and
textbook page on blackboard.

Memo:

Introducing Reviewing Checking
ew topi previous lesson homework

Definition/
Theorem/Note

Present new concept
using necessary.
definition, theorem, etc.

Explain how to solve a
problem using Example.

Middle-level
students solve it by
themselves?

Respond to students who
cannot solve by him/herself.

Referring to the Example,
explain the Exercise.

Give the 2 similar
Exercise.

Give the hint(s) to the
c

Check the solution in

Summary
(5 min)

How manym inutes given for Exercise? l:lm in Abouthow m any students can solve the evaluation problem 8)? Less than half/Half /M ore than Half
Note: This is the tim e of student's seff-problem soling tme.Not I ited to solving evaluation prob lem (s).)

45 BEGBRC—

BEINIEZERK
20224 11 A5 2023 4E 5 H £ TOMIT, 9-104EEDEF 103 OfFRZENBEINT- (F4.16),

= 4.16 BRI EBREH

F A RAay Mg Jvefuykt =x-1y
B
2022 11 A 26 8 34
12 A 16 - 16
2023 1H 0 - 0
2 A 19 2 21
3 AH 12 - 12
4 A 1 - 1
5H 19 - 19
93 10 103

p
El‘lll'

D5 B, 20224 11 AIT 3[E, 2023 45 4 412 18], CDID/MoE D¥UFHMF & & IREL B
BTz, Eho, 20234 4 AITIE AAEB O U %27 AEMF L & HIC 1R, 200248 11 AIC 242
. 20234 I I RECYT T T A HEELLBIIBBLEL, 20X, =FAETMIT
F—3— M K DREBRITIRERN TH -7,

A vy b ABEHEAEORA

Ay NHOFHERET L Y], MoE NHIR « BdfAiT D5 FETH-7-, Lo, HI - FiAR2NE
Nz, MUST 71 ¥ =7 MIFHBEZILL DIZ o 1 HOEE (1 77 A 2025 #EE) Tz
v —OHI - B 21T o 72, 3K 417 IZEAR OFEM A2 T,
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TFACTEBEEIN O -0 R - BFEE T e = 7 b GE 28D

FETETE T M
%417 MUST 70z bk /40y FAKEGHEOOF—EH
24 | o= b BoAm A Kokebe Tsibah Beshale Abyot Kirs &3t
(F 80 (F 80 (F 80

G9 U1’,U1,02 | 2022410 H 400 300 210 910
U3, U4, U5 2023 41 A 400 250 210 860
ue6, U7, U8 2023 43 A 400 250 220 870
& 1200 800 640 2640
G10 Ul, U2, U3 2022 410 A 300 225 170 695
U4, U5, U6 2023 41 A 300 190 170 660
u7 2023 43 A 300 225 170 695
& 900 640 510 2050

T GOD=2=y "NEFIEIRT 7 MEOBLDOTH B,

REBEP OB/ ONIERBER
7 r A OREB R Z U TR T, EfEO B CREMRRICE 2 DR, £ ORFRPICHR

o T EE R (

M) OAEEOBMREE, BRI E 2 U — 2 REICRS LIEARORIG R ETH D,

BEINTZ 103 0REDH L 3 OFRELINT D, ZOITIL, /v - M vy METORE,
BERECEHRWEE HETF v 70k, HEOHR, 2=y - -T2 E) FEENn
TV, ZOFHICEEFNILIHELHIT 204 TH D,

1)

B 7 R AR R B3

H ORI, HEN I TR - U—2 L L CEEREZ 52 Thb 7 7 AR CRE 21
T HETORME LTHE L, B2 o mEMEIL, EAWISGRHMIME CH S, =720, 5
IHTORIG L LT,

4 4.6 1%, FHEDE 272 B BRI OV 2R LT D, 204 DEED 55 10 447031

Z BT R DML O E LB A ORETH - 72 H 6

10 7 LA B> B k] &2 5- 2 T B,

Self-problem solving time given in lesson (min)

Teacher A
TeacherB
Teacher C
Teacher D
TeacherE
Teacher F
Teacher G
TeacherH
Teacher|
Teacher)
TeacherL
TeacherK
TeacherM
TeacherN
TeacherO
Teacher P
TeacherQ
TeacherR
TeacherS

TeacherT

4.6 BRMNE X - Fi 8 HRERRERE
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REZLICHEZONTHRMERD L 83ET 36E (43%) 2N 1050, 5883 (70%)
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— 7= NEREINT-, XAy METIEED XD pRETBRIN o7,

2) ERD MYy 7I1Tx9 2 PR

ZEME Y 7 OBREIL, 52 SN MEE A OEENFES ZEN T TRl L7z, HIE
(ZUE T LR ) TR ) TPl B ORENRFEFAZ Wz, Bk o 36 ZED S B, TH4:
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2o DL THRENTHME Z - 72,

HEDHHFEC 2B 12 A UBEORZFEBLZETIE. A-D-E-E DAV TR SR EN P
Ll ETR N, —J, BRI O ONWTIEL, BLFO L 5 i @R E O L -
776

- %< DHEIT., B EEZMBERZT-EED ) — b WERT 20— T, i 72ho
TAEFEIZITEREEZ L > T o Tz,

- 7 T AR TIRE L MBS T DRRIN 2 VWE FREN KD TLE I 2N Db o7,
- RHET 1 SOMBEICELCT RN R < e o7,

- REDORE L U TEMEICEH Z DM EMBEOEN DR 5720 BSBRT HEEOR B
MNELS 2> TLE LT,

NS ORBEICHLT A 7212, MUST 7= 7 MItsEE(bimE42 BT 570D —7
Vo772 L., BALE (467 Hizz), &blc, BMEAEEZERmL., L2 RHT7200%
BB 2B LT (4.6.6HixZM),

SHIT, REBIZEOMR, EFEOKRND, BESMOEEN EfMfZHZ T NDDEFFOEEN
ONTND Z Libhole, BENEEICA N TREELMBS R 252 TS, B CTHREEZEE IR
DLEERIDVETHL ZePBRENT, < ORETIT. B THRELZMRRIZIE, $9HE
EHLIZY, HFREOMBEZEG LY LTRRZESC L, TO%, HEDT TICHEGS Lo A&7
D)= FDEZEGLIEY BEOERZ ZfFo720) LTWD, BAMROERIC TH THROWTA
5] ZEaBEBLISELDITT, FEERGR D, G L FEMEZ T TH O 2 & THER
FRNY 252, EATIRYME L S WIS RT 2 2 ENBETH S,

3) FEREa L —2F2TH4EECHE

FiRom@Ey, M ey NHOFHHERZE 2 ©—1X, MUST /XA 12y MED 9 -10 412, £/ 3 A
BL1E) IToE | HOEE TEA SN, X471, 2022 4 11 A5 2023 4£ 5 A £ TOHRIC
Bsnz, av—%2F2 LEAROEEEZRLTWS, ZOMMNS, AEN#BEar—%2FS
THEIEIE, 26% (EfE4NZOX1H) 205 18% (AEfE6 N HX 1 WL2H)) Thr &
Wb, BEPARZELZFHFRTDLLICHEEL, BETHBEZHFAL TWDIZHE2ND LT,
EENHEBELZTRTHEST 2L ETIREE>TVWARVDOTH D,
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1.

40

35

30

25

20

15

10

I T4 TERERO o 0FEC- BrEE ey 22 b GE 28
FEHTE T WS E
Rate of student's bringing textbooks (%)

Textbook copy distribution ratio
by MUST: 1 per desk (33 %)

.\12 23 22 22
18

1 per 2 desk (17 %)

Nov Dec Jan Feb Mar Apr May

47 BHEZHST HL£EOAS

BN 83 ORED I L, 210 ETAEE 6 AT 1L WL2oic-ox 1) LFoEETH-
7o 20595, HREOa L —REL RUVREN 3 ObhoT-, ZTNHDOEETIL. HEBITHFBED
NEE F o2 SRETITRELIT-> T,

R & R

REBIED O LT Offiam &L RRVEE hahiz,

SHTLTZ 20 AD 9-10 FFAEE D 5 BT, FHBEFDWMIZIES T, HMEbREOIEET
HDHV7 EY 10 OB DR 2 A£G 2T D, Lo, EFOBMBEZ LD &,
BETHSTMEE R 2AEETEEU T TH D, 20X R#HBICE ST, 77 A2KROBL#F
Ex b 28T, fRT DAL D b REHBOAEE FRITTITEHE LA TWDER) ICTESEYTD
Z LT, ZOBENRIOEEE R DOBRINAE D Z L THDH, ZOLX D REEITIX, ke
Ay « Va7 - hL—= U FORNIHEDTE T 4.8 O CRIIREZA X VA2, B
THOMEREG 2D L EHERT S,

Lesson Observation Sheet

Page & Topic:

Evauation item:

Textbook Structure

Activity

Write lesson topic and
textbook page on blackboard.

Ask students to solve the
ation problem(s).

Referring to the Example,
explain the Exercise.

Give the hint(s) to the
class.

ho
rself.

E48 HBICRHONDIEBEXFIL
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HiPY 52— AT Kokebe Tsibah %5544 T 1 18], Abyot Kirs @252 T 3 BIDOERI & 4 205 PRI
EW LT IRIOBURAD 5 6 30 r A etk L, s BRAVICEIME T 5 Z LN T&E 72,

HRl=O BRL, BEREOFTEE Q6 S5HIZZM) BLU=2=y - = 8- 7 X MOEEIZ
BWTHE SNTEMEIZOWTikam L, Z0Em DR RS T2 & Tholo, D7,
HRSERNIZ T —A A Y v RgEA Sz, XA vy MIBFIZLLT O 5 SOEM MBI ST

(£ 4.18), 2B, ZNH 55O M 71X, 202345 H 6 HIZEM S 7z MUST 234 v MR
BEAEY—7 vav T QoM vy MIOEFHE & FREBBN —RIZE L) THERINI
TW5 GET 46.10H258),

%z 4.18 BHEHED-OIZHFEESNI=-5D2DFEY Y

Case =24 A3E

1 BHEPIZAEEDOIFENC G 2 b AL RFH fRigs

2 IV HBESLEL L TWDDOFH? fRigs

3 o=y k- xTU R TR MORNEMRIER GRAKLTE) T R R Al
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My lesson flow followed the textbook content (ADEE, DEE, or EE).
Giving clear instructions such as: “Open the textbook page ##” and “Let’s do exercise ##,” etc.

I dag
[V}

I gave 10 min and more for class work to all students.

I gave the solutions and answers to the whole class; or
My students solved the problems on the board to show for the whole class.

In my lesson, at least one book per desk.

My students opened and read the textbooks, solved the problems referring to the textbooks.

I used all the evaluation items of Exercises and their paired Examples in the class.

I gave an instruction to work on Exercises individually; or

My students are accustomed to work on Exercises individually.

Majority of my students worked on the given Exercises.

I checked the understanding of not only those who could solve, but also those who were struggling
in solving.

I provided necessary support: Giving hints to the whole class; Giving explanation on 1% evaluation
item as majority of my students cannot solve it.

10 | More than 50% of my students could solve the evaluation items on his/her own.
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Project Title:
Implementation Agency:

Target Group:

Mathematical Understanding for Science and Technology (MUST)
Mathematics and Science Improvement Center (MSIC) and other institutions
1. Grade 1-8 primary school students in model schools: *** students

2. Grade 1-8 primary school teachers in model schools: ***teachers

3. Grade 1-8 primary school students in evaluation schools: *** students
4. Grade 1-8 primary school teachers in evaluation schools: ***teachers

Period of Project:

March 2019 - August 2023

EBE T MEE

Project Site: oAk
(Ver. 1.0, Dated on Oct. 19, 2018)
. R . . . . Important .
Narrative Summary Objectively Verifiable Indicators Means of Verification . Achievement
Assumption

Super Goal
Quality of basic education is improved.

To be decided

Overall Goal

Students’ learning outcomes of satellite Student test scores Student test will be
schools in model-school clusters are administered.
improved.
Project Purpose
A scale-up model for improving students’ 1. Developed model Student test will be Cluster system is
learning outcomes in mathematics is 2. Student test scores at evaluation administered by the in function (budget
developed. schools Project. necessary for
maintaining cluster
activities is
secured).
Outputs

1  Reasons for lower academic achievement of
primary school students in mathematics are
analyzed.

Identified reasons

Analysis report

2 Lesson support materials for students and
teachers are developed in grade 1-8
mathematics.

1. Developed Lesson support
materials for students and
teachers

2. Quality of materials

Project report
Questionnaire
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ET TS
3  Good practices in implementing lesson | 1. Percentage of teachers and Questionnaire
support materials for students and teachers are students who are satisfied with Project report
identified in each model school. the materials
2. Compiled good teaching practices
4 A scale-up model is evaluated in evaluation | 1. Percentage of teachers who use Questionnaire
schools. the materials.
2. Percentage of teachers and
students who are satisfied with
the materials.
5 Recommendations for revising curriculum and | Recommendations Recommendation report
textbooks are compiled.
Inputs
Activities The Japanese The Ethiopian
Side Side
Reasons for lower academic achievement of primary school students in mathematics are analyzed. Dispatch of Staff
1 Conduct curriculum and textbooks analysis to find out any necessary improvements for quality learning. Japanese assignment
2 Conduct baseline survey to measure the status of students’ learning in grade 1-8. experts (Team according to
3 Analyze the results of base line survey. members are implementatio
4  Conduct wrong-answer analysis and other relevant analysis of the test results. subject to the n structure
5 Conduct lesson observations. availabilities Operational
6  Compile findings from various analysis and observations. of human cost for model
Lesson support materials for students and teachers are developed in grade 1-8 mathematics. resources. The schools
1 Draw suggestions from the analysis on lesson support materials for students and teachers. following Office space
2 Draft lesson support materials for students and teachers. members are at MO,E
3 Conduct workshops for sharing experiences on writing Lesson support materials for students and teachers. possible RFIangffc ost
4 Identify some of Contests Development Schools, by which draft lesson support materials for students and teachers 1:1’; mbers.) (;\ the office
are tried out. leailel:rf/l\/[ath al{lo};vances
Translate lesson support materials for students and teachers for selected Model Schools. and Science ACCOMMO d;lti
6 Print lesson support materials for students and teachers. Education on, and travel
Good practices in implementing lesson support materials for students and teachers are identified in each model *Coordinator/ costs on
school. - Planning and federal and
1 Identify mode} schools. : Management regional
2 Conduct training for teachers on how to use lesson support materials for students and teachers. *Math officials, and
3 Conduct training for school directors on how to manage the implementation of the materials. education teachers
4 Conduct training for officers in regional and local officers on how to monitor progress in model schools. adviser including
5  Conduct training for TEC instructors on how to support teachers in model schools.
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6  Distribute lesson support materials for students and teachers. *Mathematics
7  Tryout draft lesson support materials for students and teachers Curriculum

8  Validate lesson support materials for students and teachers adviser

9  Promote peer-learning opportunities, by using the existing CPD framework in model schools. *Monitoring
10 Conduct stakeholders meeting on the progress of the implementation of the materials. and

11  Monitor and support the progress of the implementation of the materials. Ass.essment
12 Conduct experience sharing workshops on good practices in implementing the materials. adv1s'er

13 Share experiences with satellite schools. - Provision of
A scale-up model is evaluated in evaluation schools. necessary

1 Identify some of good teaching practices which can scale nationwide. equipment

2 Develop a model for scale. ) PI‘O‘].eCt

3 Design a framework for the evaluation of lesson support materials for students and teachers. g;hlcle(s)

4  Try out lesson support materials for students and teachers in evaluation schools. i tra?g;;rl?

5  Evaluate the impact of lesson support materials for students and teachers. Japan or other

Recommendations for revising curriculum and textbooks are compiled.

countries

Draw suggestions from the analysis on curriculum and textbooks.

Incorporate recommendations to the first draft of lesson support materials for students and teachers.

[Outside of the

Implement lesson support materials for students and teachers.

Draw lessons learned on the usage of the lesson support materials from the implementation.

project]

NP |WIN|—

Compile lessons learned.

- Volunteers

EBE T MEE

CTE when the
Project
conducts any
activities
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B2 TaVzs b TS -~ ) v IR (KEThR. Ver 4)
Project Design Matrix (Amended) Annex 3
Project Title: Mathematical Understanding for Science and Technology (MUST) Version: 4

Target Group:
Direct Beneficiaries

3. CDID, MSIC Mathematics Experts

Indirect beneficiaries:

1. Grades 9-12 students in all regions: 6,993,656 students
2. Grades 9-12 mathematics teachers in all regions: 14,640 teachers

4. Regional Education Bureaus Mathematics Experts of all regions

1. Grade 1-8 students in all regions 24,620,963 students
2. Grade 1-8 Mathematics teachers in all regions (46,244 teachers)

Implementing Agency: Curriculum Development and Implementation Directorate (CDID), Mathematics and Science Improvement Center (MSIC
and other concerned directorates
Project Duration: March 2019~Augqust 2023

Dated: September 26th, 2022

Narrative Summary

Objectively Verifiable Indicators

Means of Verification

Important Assumption

Achievement Remarks

Super Goal

improved.

The learning performance in mathematics is

Results of the national examination on mathematics are improved
compared to those of 2020.

1. MoE and/or REB report
2. NLA Report by NEAEA

Overall Goal

Educational activities based on the new
mathematics curriculum are promoted.

1. New Grades 9-12 math textbooks are distributed and used in more
than 75% of the secondary schools after full implementation of the new
curriculum.

2. Strategies for learning improvement for Grades 9-12 in Ethiopia are
developed.

3. New Grades 1-8 math textbooks have been produced by REB based
on new syllabus in all regions after full implementation of the new
curriculum.

1. MoE monitoring report
2. REB monitoring report
3. REB monitoring report

All secondary mathematics teachers
are trained based on strategies for
learning improvement for Grades 9-12
in Ethiopia

Project Purpose

Educational activities based on the new
mathematics curriculum are introduced.

1. New Grades 9-12 math textbooks are authorized by MoE.

2. The drafted learning improvement strategy for Ethiopia is presented to
regional stakeholders.

3. 60% of participants of the technical WS have applied the knowledge
learned during the WS in order to produce Grades1-8 textbooks.

1. MoE document

2. MoE monitoring report

3. Project report and/or MoE
document

Teaching and learning materials
based on the new math curriculum are
accessible for teachers and learners.

The MoE works to disseminate the
draft learning improvement strategy for
Ethiopia
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Outputs

1. MoE and/or project
document

1 Quality of the mathematics curriculum 1. Three curriculum documents are approved by MoE.
documents (flow charts, MLCs, and syllabi)

is assured.

N

1. Project report and/or
document

1. Five directions (viewpoints) for draft textbook revision are approved by
MoE.

Technical recommendations, based on the
situational analysis of classroom practices,
are incorporated to Grades 9-12 textbook
editing strategies and M&E.

w

The capacity in developing Grades 1-8 1. Project report
mathematics teaching materials are

improved through technical WS.

1. 60% of participants of the technical WS have learned new knowledge
for textbook development to apply in developing Grades 1-8 mathmetics
textbooks.

4 The quality of Grades 9-12 textbook
contents is improved.

1. Project report and/or MoE
report

1. Improvements are observed in the final version of textbooks compared
with the Draft O textbooks.

1-1. 100% of units/sub-units are corrected and improved in terms of
layout, math expressions, figures, graphs, etc.

1-2.100% of units/sub-units are “unitized" in the lesson structure.

1-3. Evaluation items (basic problems) are included in Exercises.

(&)

1. Project report
2. Project report
3. Project report

1. Students are provided with over 10 minutes to solve exercise in one
lesson when using the new textbooks.

2. Results of Math achievement test/Unit test at MUST pilot schools with
the new textbooks and MUST intervention is better than non-pilot
schools with the previous textbooks.

3. Draft learning improvement strategies for Ethiopia is proposed.

Strategies for improving the utilization of
Grades 9-12 textbooks are proposed based
on monitoring and evaluation.

Activities

Inputs

The Japanese Side

The Ethiopian Side

Important Assumption

1 Quality of the mathematics curriculum documents (flow charts, MLCs, and syllabi) is assured.

1 Make a technical support plan.

2 Conduct (online) technical support of the curriculum materials (flow charts, MLC, and syllabi) for Grades 1-12.

3 Revise and finalize the curriculum materials.

4 Conduct a validation workshop for the curriculum materials

2 Technical recommendations, based on the situational analysis of classroom practices, are incorporated to Grades 9-12 textbook editing strategies and M&E.

| 1 Conduct a situational survey.

I 2 Make concrete recommendations during the development process to improve Grades 9-12 textbook editing.

3 The capacity in developing Grades 1-8 mathematics teaching materials are improved through technical WS.

1 Create a technical support plan for REB textbook writers.

2 Develop Grades 1,4,7 teaching and learning material samples for the main purpose of capacity development for Grades 1-8 REB textbook writers.

3 Conduct workshops for REB textbook writers to develop the capacity to write textbooks.

4 The quality of Grades 9-12 textbook contents is improved.

I 1 Conduct workshops for textbook developers to improve draft Grades 9-12 textbooks and teachers guide.

| 2 Provide further technical suport to improve draft Grades 9-12 textbooks and teachers guide.

5 Strategies for improving the learning of students by utilizing Grades 9-12 textbooks are proposed based on monitoring and evaluation.

Select MUST pilot schools and MUST non-pilot schools to verify the learning improvement mechanism.

Conduct induction training to MoE pilot schools in CDID/MoE-organized workshops.

Conduct pre-pilot training for Grades 9-10 math teachers at MUST pilot schools.

Provide special support to Grades 9-10 math model teachers at MUST pilot schools.

Conduct achievement tests and unit tests at MUST pilot schools and non-pilot schools.

Conduct lesson observation at MUST pilot schools and non-pilot schools.

Compile the results of MUST M&E activities.

Conduct a nation-wide workshop to share the MUST/MoE pilot experiences among stakeholders.

O (N|o(O|d[Ww|N (-

Collect data on Grades 9-12 textbook usage at the classroom level through M&E .

10 Make strategies to improve the learning achievement of students using Grades 9-12 textbooks at the classroom level.
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- Dispatch of Japanese experts
(Team members are subject to the
availabilities of human resources. The
following members are possible
members.)

* Team leader/Math and Science
Education

* Coordinator/Planning and
Management

* Mathematics Curriculum/Textbook
advisers

* Monitoring and Assessment adviser
** Math education adviser (longterm)
- Provision of equipment necessary to
implement activities in the PDM

- Project vehicle(s)

- Short term training in Japan or other
countries(may be subsequentto online
training depending on the Covid-19
situation)

[Outside of the project]
- Volunteers

- Staff assignment
according to
implementation
structure

- Office space at CDID
- Running cost of the
office

- Any allowances,
accommodation, and
travel costs on federal
and regional officials,
and teachers including
CTE when the Project
conducts any activities

The new math textbook
dissemination plan will
be conducted as
planned.

Pre-conditions
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Appendix 4
Tentative Plan of Operation Version 2.0
Dated 16 December 2020
Monitoring
Year 2021 2022 2023 .
Inputs Remarks Issue Solution
BREEBRBEEE
Expert (subjective to the availabi HH il:
Team Leader / Math and Science Education Plan
Actual
Mathematics Curriculum/Textbook Advisers Plan
Actual
" . . Plan
Mathematics Education Adviser A
ctual
- Plan
To be confirmed Actual
Plan
Actual]
Training in Japan
|Malhemalics Education Plan n n
Actual
In-country/Third country Training
Plan
Actual
Activities Year 2019 2020 2021 2022 2023 Responsible Organization ] lssue &
— Achievements
[sub-Activities tr[a[v|i]n]m[w|1]a]a][w|[1]a]n]{w]1]a]n][~]| Japan [ Gooe Countermeasures
Output 1: Quality of the ics curriculum d ( flow charts, MLCs, and syllabi) are assured.
1.1 Make atechnical tpl Plan
8 ake a technical support plan. Actual
12 Conduct technical support of the curriculum materials (flow charts, MLC, | Plan
" _and syllabi) for G1-12. Actual
1.3 Revise and finalize the curriculum materials. Plan
Actual
1.4 Conducta validation workshop for the curriculum materials Plan
Actual]
Output 2: Te i i based on the si { ysis of classroom
2.1 Conducta situational survey. Plan
Actual
22 Make concrete recommendations during the development process to Plan
"~ improve Grades 9-12 textbook editing. Actual
Output 3:The ity in ping Grades 1-8 i ing materials are improved through techni
PI
3.1 Create a technical support plan for REB textbook writers. A:u"al
32 Develop Grades 1,4,7 teaching and learning material samples for the Plan
"~ _main purpose of capacity development for Grades 1-8 REB textbook Actual
PI
3.3 Conduct workshops for capacity development in textbook writing. Ac:j"al
§ . . Pl
3.4 Create M&E plans for designated regional monitored schools. Ac:u"al
35 Conduct M&E on the new curriculum induction process (Textbook Plan
"~ _development and M&E) at the regional level Actual
Output 4: The quality of Grades 9-12 textbook contents are improved.
4.1 Conduct M&E. Plan
Actual
PI;
4.2 Provide technical support to G9-12 textbook wrtiers. an
Actual
4.3 Revise G9-12 textbooks. Plan
Actual
Output 5: Strategies for improving the utilization of Grades9-12 textbooks are proposed based on monitoring and evaluati
51 Collect data on G9-12 textbook usage at the classroom level through Plan
" MEE. Actual
Make strategies to improve the utilization of G9-12 textbooks at the Plan
classroom level. Actual H
- R Pl P i i
Duration / Phasing |—|a" n First Second Third Fourth
Actuall year year year year
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20

21

2022

2023

Period 1

Period 2

3

4 15 6

11

12 | 1

7

8

9 {1011

12 | 1 2 3i4:5 6 7 8

Output 1
Quality Assurance
of Curriculum
Documents and
Textbooks

|
718

|

1

Support to the development of curriculum-related documents

Output 2
Capacity
Development of
G9-G12 textbook
developers

G9-G12 mathematics survey:

Support to G9-G12 textbooks development (to CDID
|

and CoE)

Output 3
Capacity
Development of
G1-G8 textbook
developers

Deve

lopme

Work

nt of sample

shop for G1-G8 te

xtbook dev

textbooks and teachers' guides for

elopers

G1, G4, G7

Output 4
Monitoring &
Evaluation to

improve G9-G12
textbooks

Support to G9-G12 textbooks developme!

nt (to CDID

and C

OE)

Monitoring and Ev

aluation of G9-G12 textbooks at schools

Output 5
Monitoring &
Evaluation to

improve G9-G12
textbooks

Monitoring and Evaluation of G9-G12 textbooks: at schools

Support to G9-G12 textbooks development (to ZCDID and CoE)
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Activities

Period 2

2021

2022

2023

7i819110i11i12[1121314i516173i8%9110{11i12

1i23314i5i6171819

1. Activities related to Output 1

11
1-2

1-3
1-4

Make a technical support plan

Conduct (online) technical support of the curriculum materials (flow
charts, MLC, and syllabi)

Revise and finalize the curriculum materials

Conduct a validation workshop for the curriculum materials

Il

|

il

2. Activities related to Output 2

21
2-2

2-3

Conduct a situational survey
Share the survey results with Grades 9-12 textbook developers

Make concrete recommendations during the development process to
improve Grades 9-12 textbook editing

i

o

m

3. Activities related to Output 3

3-1

3-2

3-3

Create a technical support plan for REB textbook writers

Develop Grades 1,4,7 teaching and learning material samples for the
main purpose of capacity development for Grades 1-8 REB textbook
writers

Conduct workshops for REB textbook writers to develop the capacity to
write textbooks

ik

N

il

4. Activities related to Output 4

41

4-2

4-3

Develop M&E strategy for Grades 9-12 textbooks and share it with CDID
and textbook developers

Conduct M&E of the Grades 9- 12 textbooks observing lessons at
secondary schools

Provide comments on the textbooks to the textbook developers and CDID
and support their further revision

==

5. Other Activities

5-2
5-4
5-5
5-7

Discussion on Draft Work Plan (Period 2)
Training in Japan
Joint Coordinating Committee meetings

Public relations

k

i

LN

g LY I LY I LY

%

Iy

Legend - In Ethiopia In Japan
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Project for Mathematical Understading for Science and Technology (MUST)
Period 2 (August 2021~August 2023) As of May 31, 2023
Period 2 Man/Month
Assignment Name Affiliation 2021 2022 2023
8 i 9 10 11 12 1 2 1 3 4 5 6 : 7 10 12 1 2 3 4 i 5 6 7 8 9 Ethio {Japan

— _ — 1117
(31) (53) (24)

H H H 8 9
. ":'/Iea:}r? Lmeatider/Ed tion Norimichi Toyomane | IDCJ i H _
athematics Educatio i (50) i(37) (45) (52)

1
2 aiomats Edaton | Neokochky | aps |} L] — m u
(48) (27) (45) (39) (26) (15) (15) (10); (15) : (10)
Development of . .

3. ! . Shimboku Miyakawa |  IDCJ ] 1.97
Mathematics Materials 1 (Miyakawa) "(36) 23) /
Development of :

4. ! ) Kan Motoyama | VSOC ] | 3.00
Mathematics Materials 2 (34) (25) G1)

5. Developmentof . Etsutaro Tanaka VSOC _ _ 4.80
Mathematics Materials 3

(50) (48) (46)
|
n | 6 e e | Kazumi Katsumata | KRC I I [~ 423
athematics Materials 133) 3) @)
E Development of i
t T Mathematics Materials 5 Ken Furukawa KRC L . L
h (24) (29)
i Development of
o 8. Mathematics Materials 6 Yuta Yoneda KRC 0.00 I
P
! 9. Mathematics Curriculum Izumi Nishitani IDCJ 0.00
a (Individual)
10. Materials Editing Masaomi Hirose IDCJ 0.00
(Individual)
Monitoring 1,/ Project L
1. ) dministration 1 Michiru Yabuta IDCJ (F 0.90
Monitoring 2/
12. Development of Akira Sakayori IDCJ ] [} 2.03
Mathematics Materials 7 (39) (22)
13, Monitoring 37Project | g, o e Nishioka | KRC 0.00
Administration 2
Monitoring 4,/ Project
14. ) ministration 3 Masato Kamoda IDCJ - - [ 3.60
(24) i(32) [€X5H (21)

Subtotall| 41.80
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ET TS
Team Leader/ A RS S -
1. Mathematics Education Norimichi Toyomane | IDCJ I I 0.50
Deputy Team Leader/ . oty
" Mathematics Education Nahoko Chiku DS @ — 0.80
3. ,E\)Aer:";‘:":ie”‘“;’ft ials 1 | Shimboku Miyakawa | - 1DCJ i 0.90
athematics Materials (Miyakawa) (8) “) (4) )i
4 r?/l:\t/:x;‘iizthz;terials 2| KaenMotoyama | VSOC I j | j I 0.90
(8) (2) () (6)
Development of f
5. Mathematics Materials 3 Etsutaro Tanaka VSOC i ) 0.60
(8) () )
6. Developmentof . Kazumi Katsumata KRC 2.90
| Mathematics Materials 4 (8) (50) :
n H
7. ,E’Ae‘t':'op":,‘z‘m’\;’ft wles | Ken Furukawa KRC 1.10
J athematics Materials G aay
a H
Development of
Pl & Mathematics Materials 6 Yuta Yoneda KRC 165
a (33)
n
9. Mathematics Curriculum Izumi Nishitani IDCJ 0.80
(Individual) (8) (8)
10. Materials Editing Masaomi Hirose IDCJ 0.00
(Individual)
44, Monitoring 1,”Project Michiru Yabuta IDCJ 1 1.20
Administration 1 B iB)
Monitoring 2/
12. Development of Akira Sakayori IDCJ 0.35
Mathematics Materials 7 (7)
13, Monitoring 3 7Project | o ke Nishioka | KRG 1.35
Administration 2 [7)
14, Monitoring 4, Project Masato Kamoda | IDCJ 035
Administration 3 ) @
Subtotal 13.40
Reporting Report (A) A H A Al N ; A H A A
Monitoring Sheet No.4 Monitoring Sheet No.5 {Work Plan (Period Rjogress Report{ Monitoring Sheet No.6 Monitoring Sheet No.7 Project Completion Report
Technical Output (A) A
Revised G9~G12 mathematics textbooks
Joint Coordinating Committee (JCC) A A A A
Total| 41.80: 13.40
Legend I ork in Ethiopia i 1 Work in Japan [ Busy period and summar recess for schools 55.20

70




TFAETEREEN O 0 ORE - BEHE T e = 2~ (5B 21D

&7

Mathematics Grade 9

FTERE ““rRHEX (944 Unit 2)

EHTE T ST

Unit 2 Solutions of Equations

3 Solve each of the following equations.
a |5-xl=13x-7] b
¢ I5-dxl=17+3xl d
e [7-@+3) [+[3x-3]=0

4 Solve each of the following equations.
a |x-3[+lx-3]=9 b
¢ l-@x-3) l+lxl=12 d
e [sx-(1-2v [-13-2¢[=8 f

[3x-21=[3x-7I
[3x+4]-1x+7]=0

[3x+2]-1x-3l=5
|4x—2|=8+]|x-3]
[12-(x+7) [+]x-3]=3
Here, for | x+ al + | x + b| = ¢, notice that | x + al takes either x + a or
—(x + a) and also | x + bl takes either x + b or —(x +b), depending on

whether they are greater than 0 or less than 0. Therefore, you need to
consider four cases to solve such problems!

5 Verify each of the following.
a |y-x|<|x/+|y|whenx=—2andy=3.

b 1/(3x-7)2=\3x-7
1 QUADRATIC EQUATIONS

Recall that for real numbers @ and b, any equation that can be reduced to the form

, whenx=5.

ax+ b =0, where a #0 is called a linear equation.
Following the same analogy, for real numbers @, b and ¢, any equation that can be
reduced to the form

ax® + bx + ¢ = 0, where a #0 is called a quadratic equation.
X +3x—2=0,2xz—5x= 3,33 ~ 6x=0, (x +3) (x + 2) =7 etc, are examples of
quadratic equations.

In this section, you will study solving quadratic equations. You will discuss three major
approaches to solve quadratic equations, namely, the method of factorization, the
method of completing the square, and the general formula. Before you proceed to
solve quadratic equations, you will first discuss the concept of factorization.

Expressions

Expressions are combinations of various terms that are represented as a product of
variables or numbers and variables.

Example 1 228 +4x +2, x+1) X%+ 6x, etc. are expressions.
x> and 2x are the terms in 2% + 2x and 2x* ,4x, and 2 are the terms in 2% +4x+ 2.

Mathematics Grade 9

Factorizing expressions

ACTIVITY 2.8

1 Multiply each of the following.

a  x(x+9) b (x+3)(x-3) C (x+2)(x+3) Se———
2 How would it be possible to go back from products to factors? Factorize each of

the following.

a -9 b +ox ¢ FP+5:46

Factorizing an expression is expressing it as a product of its simplest factors.
Example 2 Factorize 2x* — 9x.

Solution:  The two terms in this expression, 2% and —9x, have x a$ a common

factor. Hence 2x*—9x can be factorized as x(2x-9).
So 2x% =9x = x(2x-9).
Example 3 Factorize 4x* + 12x.
Solution:  4x* + 12x = (4x)x + 3(4x) = (4x)(x + 3)
Example 4 Factorize (2x — 1)(3x) + 2(2x~ 1).

(2x - 1)(Bx) + 2(2x— 1) = (2x — 1)(3x + 2) since (2x — 1) is a common
factor.

Solution:

Factorizing the difference of two’'squares
If we multiply (x + 2) and (x — 2), we see that (x +2) (x—2) =x* — 4 = x* = 2%,

ACTIVITY 2.9 A

1 What is 75 — 252 How would you compute this?
2 Whatis 200° - 100°?

In general,

P-d= (x—a)(x+a).
Example 5 Factorize'x’ - 9.
Solution: ¥’ —9=x"~3"=(x-3)(x+3)
Example 6 /Factorize 4x* - 16.
Solution: 4x*— 16 = 20)° - 16 = (2x)’ 4% = Qx - H)2x + 4)

Unit 2 Solutions of Equations

Factorizing trinomials

You saw how to factorize expressions that have common factors. You also saw
factorizing the difference of two squares. Now you will see how to factorize a trinomial
a’ +bx + ¢ by grouping terms, if you are able to find two numbers p and g such that
p+q=bandpg=ac.
Example 7 Factorize x* + 5x + 6.
Solution:  Two numbers whose sum is 5 and product 6 are 2 and 3.
So, in the expression, we write 2x + 3x instead of 5x:
X2 +5x+ 6 = x° + (2x + 3x) + 6 because 2x + 3x = 5x.
=@ +20) +(3x+6)
=x(x+2)+3(x+2)...

(grouping.into\two parts)
(factorizing “each party

=(x+2)(x+3) because (x +2) is a common factor.
Example 8 Factorize x* + 4x + 4.

Solution:  Two numbers whose sum is 4 and product 4 are 2 and 2. So take 2x + 2x

instead of 4x:

x2+4x+4=f+(2x+2x)+4because2x+2)c=4x
= (x2 + 2)() + (2x + 4) ...(grouping)
= x(x + 2) + 2(x + 2) ...... (take out the common factor for each group)
=(x+2)(x+2) = (x42).

Such expressions are called perfect'squares.

Example 9 Factorize’ 3x* = 14x ~'5/

Solution: Do you have numbers whose sum is —14 and whose product is 3x-5 = —-15?
=15+ 1=-14 and =15 x 1 =—15. This means you can use —15 and 1 for
grouping, giving

3x% -14x-5=3x"-15x+x-5

=(3x% = 15x) +(x=5)
=3x(x=5)+1(x-5)
=CBx+1)(x-5)

So 3% —14x-5= Bx+1)(x-5).

ACTIVITY 2.10

Factorize each of the following.

=
a 22+10x+12 b 2x-x-21 ¢ 5X+14x+9

Solving quadratic equations using the/method of

factorization

LetaxX’ + bx+c=0bea quadratic equation and let the quadratic polynomial ax’ +bhx+ ¢
be expressible as a product of two linear factors, say (dx + ¢) and (fx + g) where d, e, f, g
are real numbers such that d # 0 and f# 0.

Then ax® + bx + ¢ = 0 becomes

(dx+e)(fx+g)=0

So,dx +e=0 or fx + g =0 which gives x=_7e orx:%,

Therefore x = _76 and x = _f—g are possible roots of the quadratic equation a +bx +c=0.

For example, the equationxz—Sx+6=Ocan be expressed as:
*x-2)(x-3)=0
x—2=00rx-3=0
x=2o0rx=3

Therefore the solutions of the equation ¥ -5c46=0arex=2and x=3.

In order to solve a quadratic equation by factorization, go through the
following steps:

i Clear all fractions and square roots (if any).

ii ‘Write the equation in the form p (x) =0.

iii  Factorize the left hand side into a product of two linear factors.

iv. Use the zero-product rule to solve the resulting equation.

Zero-product rule: If a and b are two numbers or expressions and if ab = 0, then
eithera=0orb=0orbotha=0and b=0.

Example 10 Solye each of the following quadratic equations.
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a  4X-16=0 b X’ +9x+8=0 ¢ 20-6x+7=3
Solution:
a 4x* =16 = 0is the same as (2x)* -4> =0
(2x-4)2x+4)=0
(2x-4)=00r 2x+4)=0
Therefore, x =2 or x = -2.
b X +9x+8=0
X +x+8x+8=0
(* +x)+@Bx+8)=0
x(x+1D)+8(x+1)=0
(x+D(x+8)=0
(x+)=0o0r (x+8 =0
Therefore, x =—1 or x = -8.
c 2x" —6x+7 =3 is the same as 2x* — 6x +4.=0

2x% —6x+4=0 can be expressed as
2x% -2x-4x+4=0; (-2 and —4 have sum =~6 and product = 8).
(2x* -2x)-(4x-4)=0
2x(x-1)-4x-1)=0
Q2x-4x-1)=0
(2x-4)=00r(x=1)=0

Therefore, x =2 orx=1.

1 Solve each of the following equations.

a (—3)x+4=0 b 2%-6x=0 ¢ ¥ —3x+4=4
d 2%-8=0 e 5’=6x f o P-2x—-12=Tx—12
g —-4=0 h 2+8=0

2 Solve each of the following equations.

Mathematics Grade 9
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a xX—6x+5=0 b 3% —-2x—5=0 c X+7x=18
d —P=8x-9 e 57%—6y+1=0 f 37+10z=8
3 Find the solution set of each of the following.
a  2+3x+i-0 b P=25t+2
2 4 16

¢ —(6+2x)+8x=0

Solving quadratic equations by completing|the square

Considering 2x* + 5x — 4 = 0, form a group and do the following.

1 Divide each coefficient by 2.

2 Shift the constant term to the right hand side (RHS).

3 Add the square of half of the middle term to both sides.
4

Do we have any perfect square? Why or why not?

5

57
5 Do you observe that [x+z) =7

G
6  Discuss the solution.

In many cases, it is not convenient to solve a quadratic equation by factorization
method. For example, consider the equation x* + 8x4 4 = 0. If you want to factorize the
left hand side of the equation, i.c., the polynomial x* + 8x + 4, using the method of
splitting the middle term; you need to find two integers whose sum is 8 and product is 4.
But this is not possible.In such cases; an alternative method as demonstrated below is
convenient.

P +8x+4=0
X+ 8x=—4

2
X +8x+ (4)Z =4+ (4)Z [Adding (% Coefficient ofo on both sides]

(x+4Y =A% 16=12
x+4=ix/ﬁ

Therefore x=+-4++/12 and x = -4 — /12 are the required solutions.

(P +8x+16=(x+4))

(Taking square root of both sides)

Unit 2 Solutions of Equations

This method is known as the method of completing the square.

In general, go through the following steps in order to solve a quadratic

equation by the method of completing the square:

i Write the given quadratic equation in the standard form.
ii Make the coefficient of x* unity, if it is not.
Shift the constant term to R.H.S.(Right Hand Side)

2
Add (% coefficient of x) on both sides.

v Express LH.S.(Left Hand Side) as the perfect square of a suitable binomial

expression and simplify the R.H.S.
vi  Take square root of both the sides.
vii  Obtain the values of x by shifting the constant term from L.H.S. to R.H.S.

m The number we need to add (or subtract) to construct a perfect square is
determined by using the following product formulas:

X H2ax+a’ = (x+ (/z)2
X =2ax+d* = (x— u)z

Note that the last term, a?, on the left side of the formulag is the square of one-half of
the coefficient of x and the coefficient of x* is +1. So, we should add (or subtract) a
suitable number to get this form.

Example 11 Solve x* + 5x - 3 =0.

5

2
Solution:  Note that (EJ =§.

4
Hence, we add this number to get a perfect square.
X +5x-3=0
X +5x=3
25

45883, 2
4 4

x* +5x+§=3—7; (xz +5x+£ is a perfet squre.}
4 3 4

72

Therefore x=24¥37 o oo ﬂ
2 2

Example 12 Solve 3x* + 12x + 6 =0.

Solution:  First divide all terms by 3 so that the coefficient of * is + 1.

3x% + 12x + 6 =0 becomes x* + 4x +2 =0

Pdx=-2 (Shifting the constant term to the right side)
PHdx+d=-2+4 (half of 4 is 2 and.its square is 4)
(x+ 2)2 =2 (WP +4x+4=Ex4 2%, a perfect square)

(x+2)= 12
x=-2 1\/5

Therefore x = —2—«/3 or x = —2+«/§,

Example 13 Solve 3x* + 12x + 15 =0.
Solution:
3x% + 12x + 15 = 0 becomes x* + 4x + 5 =0

X +dx=-5
PHax+4=-5+4

(x+2) =<1
(x+2)=2-1

Since /-1 is not a real number, we conclude that the quadratic equation does not
have a real solution.

Example 14 Solve 2x* +4x+2=0.

First divide all terms by3'so that the coefficient of x* is + 1.

(Shifting the conStant term to the right side)
(half of 4 is 2 and its square is 4)

(& # 4x+4 = (x + 2)°, a perfect square)

Solution: " ' 2x* + 4x + 2 =0 becomes
X +2+ 120 (Dividing all terms by 2)
v+ l)2 = (.\'2 +2+1=(x+1’isa perfect square)
x+1)=0

Therefore x = — 1 is the only solution.
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1 Solve each of the following quadratic equations by using the method of
completing the square.

a  2_6x+10=0 b 2 _12xr+20=0 c
d 2243x-2=0 e 3?_6x+12=0

2 Find the solution set for each of the following equations.
a  20°%+10x-8=0 b FP_8x+15=0 c
d  14P%+43x+20=0 © FP+11x+30=0 f

3 Reduce these equations into the form ax* + bx + ¢ = 0 and solve.
a F=5x+7 b 37— 8x=15-2x+2x
c x(x-6)=6x"-x-2 d o 8x’+9x+2=302x"+6x)+2(x-1)
e X+11x+30=2+11x(x+3)

2% -x-6=0

f P-x+1=0

6 —x-2=0
2 +8x—1=0

Solving quadratic equations using/the quadratic formula
Following the method of completing the square, you next develop a general formula that
can serve for checking the existence of a solution to a quadratic equation, and for
solving quadratic equations.

To derive the general formula for solving ax® + bx + ¢ =0, a # 0, we proceed using the
method of completing the square.

The following Group Work will help-you to find the solution formula of the quadratic
equation a’ +bx+c=0,a%0, by using the completing the square method.

Consider ax’ + bx + ¢ =0,a # 0
1 First divide each term by a.

Shift the constant term < to the right.

a
Add the square of half of the middle term to both sides.
Do you have a perfect square?

a s W N

Solve for x by using completing the square.

b ++lb ~4ac )
2a :
7 ‘What will be the roots of the quadratic equation ax’* +bx+c=0?

Mathematics Grade 9

6 Do you observe that x =

For a general quadratic equation of type ax® + bx + ¢ = 0, a # 0, by applying the method
-b-~b” -4ac

of completing the square, you can conclude that the roots are =27 and
a
= -b+/b* -4dac
: 2a ’

Therefore, the solution set is

“b-\lb —dac -b+B —4ac}

2a 2a

From the above discussions, what do you observe about b* -4acin x=

2a
ACTIVITY 2.11 Adie

2 , discuss the possible conditions for x when, ﬁf

a

a b —4ac>0 b b -4ac=0 c b -4dac<0

m If any quadratic equation ax’ + bx + ¢ = 0,a # 0 has a solution, then the

-b+b” -dac d
————— an

solution is determined by x = 2
a

-b+b* -dac

~b £b* ~4ac -
-b b -4a

In x=

1 if b* —4ac >0, then x= represents two numbers, namely

2a
-b-+b* -4dac -b+b* -dac
X = and x= 5
2a 2a

Therefore, the equation has two solutions.

-b b -4dac _-b
"2

is the only solution.
2a 1

Therefore, the equation has only one solution.

~b+lb? - dac
2a

Therefore, the equation does not have any real solution.

2 if b* - 4ac = 0 then x =

3 if b* —4ac <0, then x = is not defined in R.

The expression b’ =4ac is called the discriminant or discriminator. It helps to

determine the existence of'solutions.

Example 15 Using the discriminant, check to see if the following equations have
solution(s), and solve if there is a solution.

a /3¥-5x+2=0 b -8x+16=0 ¢ 2@-4x-9=0

Unit 2 Solutions of Equations

Solution:
a  3¥-5x+2=0;a=3,b=—5andc=2.
So b —dac = (=5)* -4(3)(2) =1>0

Therefore, the equation 3x” — 5x + 2 = 0 has two solutions.

-bxb* -dac

Using the quadratic formula, x =

2a
= -(-5)-(-5)’ -4(3)(2) or x= -(=5)+4/(=5)° - 43)(2)
2(3) 203)
= 5-425-24 or x= S5++/25-24
6 6

5-1 541
X=———orx=

6 6

5-1 541
x="—orx="—

6

4
X=—0rx=—

6

Therefore x =§ orx=1.

b InX-8x+16=0,a=1,b=-8andc=16

So b* —4ac = (-8)* -4(1)(16) =0

Therefore, the equation x* — 8x + 16 = 0 has only one solution.

bl ~dac _-b
2a 2a

i GO
2(1)

Using the quadratic solution formula, x =

Therefore the solution is x = 4.
¢ In 2¥-4x-9=0,a=-2,b=—4andc=-9
S0 b* - dac= (4) - 4(-2)(=9) = =56 < 0

Therefore the equation -2x> =4x-9=0 does not have any real solution.

73

1 Solve each of the following quadratic equations by using the quadratic solution

formula.

a X’ +8x+15=0 b 3¢ -12x+2=0 ¢ 4x*-4x-1=0

d  x*+3x-2=0 e 5x+15x+45=0 f  3x'-4x-2=0
2 Find the solution set for each of the following equations.

a X +6x+8=0 b 9+30x+25x=0 ¢ 9x’+15-3x=0

d 47 -36x+81=0 e X’ +2x+8=0 f o 2x"+8x+1=0

3 Reduce the equations into the form ax* +bx + ¢ = 0 and solve.
a 3 =5x+7-X b

c X -2(x-6)=6-x d

X =8+ 2x+2x°
X =44 x(1+6x)+2(x-1)=4x-3
e 4-8x +6x =2x(x+3) +2x

4 A school community had planned to reduce the number of grade 9 students per
class room by constructing additional class rooms. However, they constructed 4
less rooms than they planned. As the result, the number of students per class was
10 more than they planned. If there are 1200 grade 9 students in the school,
determine the current number of class rooms and the number of students per class.

The relationship /between the?/coefficients of a
quadratic equation and its roots

You have learned how to solve quadratic equations. The solutions to a quadratic
equation are sometimes called roots. The general quadratic equation

ax® + bx + ¢ =0, a # 0 has roots (solutions)

.- -b++/b* —4ac

-b-+/b’ -4ac
= and

i

24 2 2a
ACTIVITY 2.12
N —b+~lb -
1 If r, = b ;’ dac and 1, = bt ;] 5 are roots of the
a a

quadratic equation ax® + bx + ¢ = 0, a # 0 then
a Find the sum of the roots (r; + 7).

b Find the product of the roots (rir2).
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3.3.2 Quadratic equations

Activity 3.4
Multiply the left side of each of the following. What do you get? What is the
difference between these equations and linear equations?

I (x+3)(x—2)=0

2. Sx+Dx+4) =2

3 (Gx-3)x+8) =0

Definition 3.3

An equation of the form ax® + bx + ¢ = 0 where a, b, ¢, ER anda #0 is a

quadratic equation. Here, a is called the leading coefficient, b is the middle term

and ¢ is the constant term.

Solving quadratic equations

There are three basic methods for solving quadratic equations: factorization (if

possible), completing the square and the quadratic formula method.

Factorization method 1

Find two integers such that
a. the sumis 5 and the product is 6.
b. the sumis 1 and the product is —12.

How to solve a quadratic equation by factorization method?

1. Put all terms on one side of the equal sign, leaving zero on the other side.

2. Factorize the equation.

" Unit3: Solving Equations T

3. Seteach factor equal to zero.
4. Solve each of these equations.
5. Check by inserting your answer in the original equation.

I cxomple 1]

Solve the quadratic equation x? 4+ 3x = 0.
x(x+3)=0
x=0o0rx+3=0

x=0o0rx=-3

Hence, the solution of the quadratic equationis x = 0, x = —3.

I =xomple 2]

Solve the quadratic equation: ¥ — 6x — 16 =0

Solution:

Factorizing this (find two numbers whose sum is —6 and product is —16), we have
—Band 2. Hence, (x—8)(x+2)=10

x—8B=0o0rx+2=0
Recall that ab =0 ifand onlyifa=00rb=10

x=8 x=-2

Hence, the solution of the quadratic equationis x = 8, x = —2.

Exercise 3.10

Solve the following quadratic equations using factorization method.

a x*—-5x=0

b. x*+7x+10=0
c ¥24+x—-6=0
d x?—4x+3=0

@

Unit 3: Solving Equations

Factorization Method 2
I :xcrmple 1]

Solve the quadratic equation x* + 6x + 9 = 0

Solution:
(x + 3)(x + 3) = (x + 3)® = 0 (Factorizing: sum = 6 and product = 9).
x=-3

Hence, x = —3 is the only solution.
I Exarmple 2]

Solve the quadratic equation x2 —9 = 0

Solution:

(x — 3)(x + 3) = 0 (Factorizing: sum = 0 and product= 9)
x=3 orx=-3

Hence, the solution of the quadratic equationis x = 3, x = —=3.
I :xcrmple 3]

Solve the quadratic equation 4x% +4x +1 =0

Solution:
Re-writing 4x2 +2x+2x+1=0
2x(2x+1)+1(2x+1)=0
Cx+1D2x+1)=0

@x+1)?=0
=1
==z
Hence, the solution of the quadratic equation is x = — %

&)
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Solve the following quadratic equations using factorization method.
a. x?2+10x+25=0 b.x*—8x+16=0
c x2-4=0 d 9xZ—-6x+1=0

Completing the square method

I :xomple 1]

Is it possible to solve x? + 6x + 4 = 0 using factorization method?

Solution:
Since there are no two integers whose sum is equal to 6 and product is equal to 4, this
quadratic equation may not be solved using factorization method. Hence, we need

another method to solve the equation.

x*+6x+9+4-9=0

(x+372-5=0
(x+3)2=5
x+3=14V5
x=-3+5

Completing the square is where we take the quadratic equation

—h?
28¢=b% _ 0 as follows:

. by\?
&x2+bx+c=0,a$0mdconvert1tmm(x+f) + T =
2a, 4a

x2+2x+£=0(sincea$0)
a a
24 ] + ﬁ + £_ i =0 . . .
(x* 422 +75) + 7= 17 = 0. Taking half of the coefficient of the middle term
and squaring it and adding its opposite). The expression in the bracket is a perfect
square. Hence, after simplifying, we have
b\? | aac-b?
(e +3) +*5 =00
sac-b* _
4a2

2
Equivalently, ax? + bx + ¢ = 0 if and only if (x + ;4“) + 0

©
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I Exarmple 2]

Solve x? + 4x + 4 = 0 using completing the square method.

Solution:
(x% + 4x + 4) + 4 — 4 = 0 (Adding the square of half of the coefficient of the
middle term (4) and its opposite.
(x + 2)? — 0 = 0. (Writing as a perfect square)
x+2)2=0
x=-2

I Excrmple 3 |

Solve x? + 6x + 7 = 0 using completing the square method.

Solution:

x? + 6x + 9+ 7 — 9 = 0 (Adding the square of half of the coefficient of the middle

term (6) and its opposite)

(x? + 6x+9) + 7 — 9 = 0 (Colleting those terms which sum up as a perfect square)
(x + 3)% — 2 = 0. (Writing as a perfect square)

(x+3)72=2
x+3 =+V2 (Taking the square root)
x=-31+2

Therefore, x = -3 + VZ and x = —3 — V2 are the solutions.

Exercise 3.12

Use completing the square method to solve the following.

a x+4x+1=0 b x2—6x-5=0

c. 2x2+5x+3=0

©
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The quadratic formula method
There are quadratic equations that cannot be solved by factorization method. This is
generally true when the roots are not rational numbers. Consider the quadratic

equation ax® + bx + ¢ = 0, wherea # 0.

: b\? | 4ac-b?
From the completing the square method, we have (x + 5) + = = 0
. b\2 _ bi-aac
Solving for x (x + E) =
b b?-4ac
=t
b, Vbi-sac
x=——t
2a 2a
_ —bivVbi-4ac
xr= 2a
Quadratic formula
—bB—
For the quadratic equation ax® + bx + ¢ =0,a # 0, x = %
This is the quadratic formula

I exarmple |

Solve x? — 6x + 3 = 0 using the quadratic formula.

Solution:
1,—6 and 3 are the values for a, b, and c, respectively in the quadratic formula.
Thus,

_ —b + Vb? — dac

B 2a
e —(=6) £ {(=6)* —4(1)(3)

- 2(1)
x=61:\/326—12=612\fﬁ=3146

Hence, 3+ /6 and 3 — 6 are the solutions. Can you solve this using other

©
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methods?

Exercise 3.13

Use quadratic formula to solve the following.

b. x?+5x—-2=0

a. x*+3x+1=0 c. 2x2-3x-1=0

Discriminant

Remark: When using the quadratic formula, you should be aware of three
possibilities. These three possibilities are distinguished by a part of the formula

called the discri The discrimi is the value under the radical sign which
is b* —4ac. A quad with real numbers as coefficients can have the
following:
The roots of the quadratic equation are x = 'b;ﬁ, where D = b? — 4ac.
If D > 0, then the roots are real and distinct (unequal); the quadratic
equation has two distinct roots.

If D = 0, then the roots are real and equal (coincident); the quadratic
equation has exactly one real root.
If D < 0, then there are no real roots.

I Excrple 1]

Check whether x? +2x +2 =0 has distinct real roots, one real root or no real

roots. If root exists, find it.

Solution:

Here, a=1, b=2andc = 2.

Since b —4ac =4 —8 = —4 < 0, no need to find the roots. The following is to
show that the roots are not real number.

_ —bxVb-sac
2a

e

75

— @y (2)2-4(1)(2)
2(1)

_ -24Va-8 _ —24V-4
2

x —, — arenot real numbers.

I excrmple 2]

Check whether x2 4+ 18x + 81 = 0 has distinct real roots, one real root or no real

roots. If root exists, find it.
Solution:
Here,a=1,b = 18andc = 81,
D = b? — 4ac = 18? — 4(1)(81) = 324 — 324 = 0. Since D = 0, the equation has
exactly one root. Solving the equation,
(x+9?%=0
x =-9

I :xcrple 3]

Check whether x> +4x +3 =0 has distinct real roots, one real root or no real

roots. If root exists, find it.

Solution:

Here,a =1,b = 4and ¢ = 3, and then

D=b*—4ac=4*-4(3)=16-12=4

Since D > 0, the equation has two distinct real roots. Solving the equation,
x+DExE+3)=0

x = =1 andx =-3

Exercise 3.14

Check whether the following quadratic equations have two real roots, one real root or

no real roots. If any real root exists, find it.
a x2+2x+3=0 b. x2+12x+36=0

o

c. x248x+7=0
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The Ministry of Education (MoE), in cooperation with Japan International Cooperation
Agency (JICA), convened the third Joint Coordinating Committee meeting on the “Project
for Mathematical Understanding for Science and Technology™ on 29 March 2022 at CDID
meeting room in the MoE annex building. The meeting was chaired by Dr. Theodros
Shewarget. Director General.

The meeting was attended by the Ministry of Education, JICA Ethiopia Office and the JICA

Experts for the Project.

A list of attendants is as below. The meeting discussed following

agenda and reached the conclusions as recorded.

Date: 29 March 2022 (Tuesday)

Time: 8:30~9:30am

Venue: CDID Meeting Room, MoE

Attendants:

Dr. Theodros Shewarget
Ms. Zafu Abraha

Dr. Katsuki Morihara
Ms. Mai Toguchi

Mr. Biruk Zenebe

Mr. Ippei Shimizu

Dr. Norimichi Toyomane
Ms. Nahoko Chiku

Ms. Michiru Yabuta

Ms. Yumi Sekiguchi

Mr. Takele Alemu

Agenda:

Director General, MoE
Director, CDID, MoE

Chief Representative, JICA Ethiopia Office
Representative, JICA Ethiopia Office

Program Officer, JICA Ethiopia Office

Mathematics and Science Education Advisor to MoE
JICA Expert, Team Leader

JICA Expert, Deputy Team Leader

JICA Expert

JICA Long-Term Expert

Project Research Assistant

1. To review MUST progress from 2021 until 2022
2 To review and decide MUST activity plan from 2022 until 2023

Discussion:

Dr. Toyomane, Team Leader of the JICA Expert Team, first made a brief presentation on the
two agenda. Main points of the followi‘ng discussion are summarized as follows:

oe : i &
o o\ - ori1E]
“@‘G\OQ‘“Q“‘ 1 DREEaon /
e ‘6\
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1. Dr. Theodros, Director General, opened discussion thanking JICA for its continued
technical support since SMASEE project.  He particularly appreciated MUST for its quality
assurance of secondary mathematics textbooks. He also pointed out the necessity to extend
MUST project beyond September 2023 to evaluate the impact of the new textbooks after they
are fully implemented.

2. In response to him, Dr. Morihara, Chief Representative of JICA Ethiopia Office,
expressed his appreciation of MoE’s cooperation in the past two difficult years. He
emphasized the importance of carrying out planned activities as planned to achieve the
project objectives.

3. Ms. Zafu, Director of CDID, also appreciated JICA’s commitment and support, which
had been highly effective to improve the quality of math textbooks, as part of the ongoing
curriculum reform that is a historic undertaking and a long journey.

4. CDID and the JICA Expert Team for MUST confirmed that MUST could continue its
support to the Textbook Developers from April 2022 to March 2023 to further improve the
G9-G12 Textbook Drafts as the joint products of CDID-MUST collaboration.

5. CDID and the JICA Expert Team for MUST confirmed that to improve the G9-G12
Textbook Drafts further, MUST would organize six more face-to-face Workshops inviting
the Textbook Developers between April 2022 and February 2023, on a more or less

bimonthly basis.

6. CDID and the JICA Expert Team for MUST confirmed that the same modality used
for the Workshop in February 2022 would be applied to the six Workshops above: CDID
would mobilize the Textbook Developers through the Center of Excellence while JICA
would bear the workshop costs (DSA/accommodation, transportation, venue). If financial
matters should arise, both parties agreed to continue discussion on the matters to find the

solutions.

i CDID and the JICA Expert Team for MUST confirmed that monitoring by MUST
would be implemented in Addis Ababa only for the time being.

8. CDID and the JICA Expert Team for MUST confirmed that MUST would largcl two
pilot schools and two non-pilot schools selected from Addis Ababa.

o
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9. CDID and the JICA Expert Team for MUST confirmed that MUST monitoring would
be conducted by the following team:
Director General
Director CDID
CDID Expert
Addis Ababa City Education Bureau Expert(s)
Evaluator(s)
Textbook Developer(s)
JICA Expert Team for MUST

10.

include following activities:

CDID and the JICA Expert Team for MUST confirmed that MUST monitoring would

Pilot Schools

Non-Pilot Schools

1.

2

3,

4,

5.
6.

=

10.

Before Piloting

Lesson observation (April-May
2022)

Model lesson by model teacher(s)
and video shooting (May 2022)
Pre-Piloting training for Math
teachers (August 2022)

During Piloting

Lesson observation (Sept
2022-March 2023)

Achievement Test 1 (Oct 2022)
Unit-end Tests (after each Unit is
finished)

Achievement Test 2 (April 2023)
Special support to Model Teachers
(Sept 2022-March 2023)

Model lesson by Model Teacher(s)
and video shooting (April 2023)
Experience Sharing Workshop (June
2023)

Before Pilotin
1. Lesson observation (April-May

2022)

During Piloting

2. Lesson observation (Sept
2022-March 2023, as needed)

3. Achievement Test 1 (Oct 2022)

4. Unit-end Tests (after each Unit is
finished)

5. Achievement Test 2 (April 2023)

11.

CDID and the JICA Expert Team for MUST confirmed that, if necessary, CDID and

MUST would conduct technical consultation once a month with other piloting regions on
G9-G10 Textbooks.

12.

CDID and the JICA Expert Team for MUST confirmed that CDID would invite

MUST to present at a Math session in the CDID-organized ToT Training for regional
teachers on the new textbooks to be SChC%g{?d in July or August 2022. g
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13.  CDID and the JICA Expert Team for MUST confirmed that CDID and MUST would
organize a nation-wide Workshop to share regions’ experiences of the piloting of G9-G10
Textbooks in February 2023.

14. Inrelation to school monitoring described in points 9 and 10 above, JICA Advisor to
MoE explained that JICA Experts were assigned to MUST under a tightly planned schedule
so that they could not be flexible in adjusting the dates of their monitoring activities. He
therefore requested CDID to respect their planned schedule for monitoring. CDID accepted
this explanation. In addition, both parties agreed that the JICA Expert Team would inform
the Ethiopian monitoring team of the schedule of each monitoring activity well in advance in
order for the Ethiopian team members to be able to participate in the activities.

15. JICA Experts requested CDID to provide the final drafts of the textbooks before they
would be validated in mid-April. CDID promised to negotiate with Hawassa University on
this issue and, at the same time, cordially invited the JICA Expert Team to attend the
validation workshops.

16.  Director of CDID again raised the issue of impact evaluation after September 2023,
JICA Advisor to MoE, citing the words of Chief Representative of JICA Ethiopia Office,
explained that this possibility should be explored after MUST had produced tangible outputs.
He added that JICA would discuss this issuc as needed. CDID accepted this explanation.

17.  Director of CDID concluded the meeting appreciating JICA’s continued cooperation
and thanking the participants for their concern and kind attendance.
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The Ministry of Education (MoE), in cooperation with Japan International Cooperation
Agency (JICA), convened the fourth Joint Coordinating Committee meeting on the “Project
for Mathematical Understanding for Science and Technology™ on 24 November 2022 at
CDID in the MoE annex building. Since State Minister and Chief Executive Officer of
MoE were both on duty abroad, Chief Executive Officer delegated Ms. Zafu Abraha, Natural
Science Education Desk Head of CDID, to chair the meeting and sign the minutes of the

meeting.

The meeting was attended by the Ministry of Education, Addis Ababa Education Bureau,
JICA Ethiopia Office and the JICA Experts for the Project. A list of attendants is as below.
The meeting discussed following agenda and reached the conclusions as recorded.

Date: 24 November 2022 (Thursday)
Time: 9:00~11:10am
Venue: CDID, MoE

Attendants:

Ms. Zafu Abraha Natural Science Education Desk Head, CDID, MoE
Mr. Getachew Talema Director, Curriculum, Addis Ababa Education Bureau
Mr. Tesfaye Sileshi Mathematics Expert, CDID, MoE

Ms. Megumi Hirose Senior Representative, JICA Ethiopia Office

Ms. Ikumi Ishidate Representative, JICA Ethiopia Office

Mr. Biruk Zenebe Program Officer, JICA Ethiopia Office

Mr. Ippei Shimizu Mathematics and Science Education Advisor to MoE
Dr. Norimichi Toyomane JICA Expert, Team Leader

Ms. Yumi Sekiguchi JICA Long-Term Expert

Mr. Takele Alemu Project Research Assistant

Agenda:

1. To review MUST progress from March 2022 to November 2022

2 To decide MUST activity plan from December 2022 to August 2023

Discussion:

f o
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Ms. Zafu, Natural Science Education Desk Head of CDID, opened the meeting expressing
MoE’s appreciation of MUST project. Dr. Toyomane, Team Leader of the JICA Expert
Team, then made a brief presentation on the two agenda. Subsequently, Ms. Zafu presented
her overview of MoE’s curriculum reform and the intermediate achievements of MUST
project, appreciating its various contributions made so far and clarifying the challenges lying
ahead. Main points of the following discussion are summarized as follows:

1. Ms. Zafu, Natural Science Education Desk Head of CDID, pointed out that
assessment part is missing from the proposed Annual Plan. Dr. Toyomane, Team Leader of
the JICA Expert Team, replied that the Annual Plan format would be modified to indicate
assessment explicitly.

2. Natural Science Education Desk Head of CDID questioned the purpose of the
Achievement Tests particularly with regard to the new textbooks. Team Leader of the JICA
Expert Team explained that the Achievement Tests were being conducted to assess the
effects of the new textbooks on the students’ achievement in mathematics and not intended to
make any inputs to the new textbooks.

3 Mr. Getachew, Director of Addis Ababa Education Bureau, asked how G11 and G12
textbooks could be revised without piloting. Team Leader of the JICA Expert Team
explained that JICA experts carefully reviewed the drafts from various viewpoints and made
comments for the textbook developers to consider.

4. Director of Addis Ababa Education Bureau asked what the main gap was with
teachers as observed in the classroom lessons. Team Leader of the JICA Expert Team
replied that the common shortcoming was the insufficient time given to the students to solve
exercise questions for themselves.

5) Director of Addis Ababa Education Bureau also asked what the teachers’ positive
response was about the new textbooks. Team Leader of the JICA Expert Team answered
that teachers most appreciated the ease of organizing lessons using the new textbooks.

6. Director of Addis Ababa Education Bureau asked the reason why no MUST activities
had been done to support regional pilot activities. Team Leader of the JICA Expert Team

replied that it was because there had been no request in this regard from the regions so far.

T Mr. Tesfaye, Mathematics Expert of CDID, questioned what MUST would propose
based on the results of the Achievement Tests. Team Leader of the JICA Expert Team

# #
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explained that the purpose of the Achievement Tests was not to directly contribute to the
improvement of the textbooks but to justify the whole MUST project by indicating the
positive impact of the new textbooks on students’ level of learning.

8. Mathematics Expert of CDID asked what MUST would propose about teachers’
pedagogy. Team Leader of the JICA Expert Team answered that the most important
proposal MUST was making to the teachers was the 20-20 principle, that is, 20 minutes are
for teachers to teach, and 20 minutes for students to think and solve exercise questions by
themselves.

9. Ms. Hirose, Senior Representative of JICA Ethiopia Office, asked Natural Science
Education Curriculum Desk Head of CDID to confirm MoE’s time schedule for finalizing the
new textbooks. Natural Science Education Curriculum Desk Head of CDID confirmed that
MoE would finalize the new textbooks in late February 2023.

10.  Senior Representative of JICA Ethiopia Office pointed out that advancing the printing
schedule by a few months would reduce MUST’s inputs to the development of the new
textbooks. Natural Science Education Curriculum Desk Head of CDID accepted the
condition, saying that printing of the new textbooks would take a long time.

11. Mr. Shimizu, Mathematics and Science Education Advisor to MoE, asked Natural
Science Education Curriculum Desk Head of CDID by what time JICA expert team should
submit their final comments on the draft textbooks and teacher’s guides. Natural Science
Education Curriculum Desk Head of CDID answered that their final comments should be
submitted by the end of December 2022 in written form. She added that MoE would
cross-check the comments with the comments given by the national monitoring teams and
ask the textbook developers to incorporate them by the end of January 2023.

12.  CDID and the JICA Expert Team for MUST confirmed that in order to align with
CDID’s activity schedule, particularly its earlier start of printing, the ™ Workshop with the
Textbook Developers, originally scheduled in early December 2022, would be held on
December 30, 31, and January 1, and the gt Workshop scheduled in February 2023 would be
cancelled. Both parties also agreed that during the 7" Workshop, no lesson observation
would be implemented to secure enough working time for the Textbook Developers.

13.  CDID and the JICA Expert Team for MUST confirmed that MUST could continue its
lesson observation and other activities at the pilot and non-pilot schools even after the
finalization of the teaching materials started, in order to advise teachers on effective

4 2
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utilization of the new textbooks and to collect data and information to be input to the math
teachers’ induction to the new textbooks planned later in 2023.

14. Mathematics and Science Education Advisor to Mol strongly urged CDID and
AAEB to participate in the lesson observation being conducted by MUST.

15.  Natural Science Education Curriculum Desk Head of CDID questioned the utility of
the Achievement Tests being planned by MUST saying that their results could not be
generalized if only five secondary schools in Addis Ababa were targeted. Senior
Representative of JICA Ethiopia Office clarified that the Achievement Tests were intended to
justify the whole MUST project and, eventually, JICA’s future program in Ethiopia. Mr.
Biruk, Program Officer of JICA Ethiopia Office, added that the Achievement Tests were not
intended to generalize their results to say something general about the Ethiopian students’
achievement in mathematics.

16.  Director of Addis Ababa Education Bureau suggested that Unit-End Test results
should be analyzed. Team Leader of the JICA Expert Team replied that MUST would do
S0.

17.  Director of Addis Ababa Education Bureau asked if the proposed A-D-E-E was the
only possible structure. Team Leader of the JICA Expert Team answered that it was one of
many alternative structures and specifically adopted by MUST to accommodate the original
format used by the textbook developers.

18.  Mathematics and Science Education Advisor to MoE once again urged Director of
Addis Ababa Education Burcau and Mathematics Expert of CDID to join the lesson
observation being conducted by MUST, saying that its ultimate goal was to scale up the
teachers’ effective usage of the new structured textbooks and eventually to improve students’
performances.

19.  In her closing remarks, Senior Representative of JICA Ethiopia Office, first agreed
with MUST’s motto of “We improve textbooks to improve students’ achievement.” She
then pointed out that once textbooks were improved, teachers’ capacity building at schools
would then become important. For that purpose, she pleaded for permission of video
shooting at schools.

4
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20.  Natural Science Education Curriculum Desk Head of CDID concluded the meeting
appreciating JICA’s continued cooperation and thanking the participants for their kind
attendance.
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The Ministry of Education (MoE), in cooperation with Japan International Cooperation Agency
(JICA), convened the fifth Joint Coordinating Committee meeting on the “Project for
Mathematical Understanding for Science and Technology” on 9 May 2023 at the Conference
Hall in the MoE annex building.

The meeting was attended by the Ministry of Education, JICA Ethiopia Office and the JICA
Experts for the Project. A list of attendants is as below. The meeting discussed following

agenda and reached the conclusions as recorded.

Date: 9 May 2023 (Tuesday)
Time: 9:00~10:30 am
Venue:  Conference Hall, MoE

Attendants:

Dr. Theodros Shewarget
Ms. Zafu Abraha

Mr. Tesfaye Sileshi

M. Shintaro Takano

Mr. Biruk Zenebe

Ms. Junko Nakazawa

Dr. Norimichi Toyomane
Ms. Nahoko Chiku

Dr. Etsutaro Tanaka

Ms. Yumi Sekiguchi

Mr. Takele Alemu

Agenda:

Lead Executive Officer. MoE

Natural Science Education Curriculum Desk Head, CDID,
MoE

Mathematics Expert, CDID, MoE

Senior Representative, JICA Ethiopia Office
Program Officer, JICA Ethiopia Office

Mathematics and Science Education Advisor to MoE
JICA Expert, Team Leader

JICA Expert, Deputy Team Leader

JICA Expert

JICA Long-Term Expert.

Project Research Assistant

1. To review MUST progress from December 2022 to April 2023
2. To decide MUST activity plan from May 2023 to August 2023

Discussion:

Dr. Theodros, Lead Executive Officer of MoE, opened the meeting expressing MokE’s
appreciation of MUST project, particularly its convincing the people of the merit of the A-D-
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E-E structure.  Dr. Toyomane, Team Leader of the JICA Expert Team, then made a
presentation on the two agenda, followed by another brief presentation by Ms. Sekiguchi, JICA
Long-Term Expert, about the Experience Sharing Workshop held on 6 May 2023.
Subsequently, the floor was opened to comments and questions.  Main points of the
discussion are summarized as follows:

1 Dr. Theodros, Lead Executive Officer, asked the JICA Expert Team how it evaluated
the final version of the textbooks. Dr. Toyomane. Team Leader of the JICA Expert Team,
replied that they were not perfect but had accomplished the highest level they could reach under
the given conditions.

2. Lead Executive Officer asked the JICA Expert Team to clarify the difference between
the teachers’ meetings and the experience sharing workshops. Team Leader of the JICA
Expert Team explained that the teachers’ meetings would be routinely held by teachers
themselves whereas the experience sharing workshops would be held once a year or so on

special occasions for target schools/areas by someone who is not a teacher.

3. Ms. Zafu, Natural Science Education Curriculum Desk Head of CDID, asked the JICA
Expert Team’s view as to the quality of the final version of the textbooks since there remained
some mistakes even with the camera-ready versions. Team Leader of the JICA Expert Team
replied that they thought the textbooks achieved 99% level of quality.

4. Natural Science Education Curriculum Desk Head of CDID pointed out that even if
teachers implemented the 20-20 principle in their lessons, students did not automatically show
better understanding. Team Leader of the JICA Expert Team appreciated the observation,
admitting it was true.  He answered that something else than giving enough time needed to be
done to improve students’ achievement and that this issue would be dealt with in the upcoming

reports.

S. Natural Science Education Curriculum Desk Head of CDID appreciated that 75% of
teachers participating in the experience sharing workshop on 6 May 2023 indicated their

willingness to share their experiences under MUST, particularly the rubrics, with other teachers.

6. Natural Science Education Curriculum Desk Head of CDID also thanked to MUST
project and JICA for their contributions to Ethiopia. ~ She expressed her intention to scale up
the MUST results and experiences to other regions for the next round of curriculum and
textbook reform.
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78 Lead Executive Officer asked the JICA Expert Team if it would take part in the full
implementation of the new textbooks starting in September 2023.  Team Leader of the JICA
Expert Team explained that it would finish all its activities at the end of August and therefore
could not participate in the full implementation. ~ Ms. Chiku, Deputy Team Leader of the JICA
Expert Team, added that Ms. Nakazawa, Mathematics and Science Education Advisor to Mok,
would continue supporting MoE after MUST project is finished.

8. Natural Science Education Curriculum Desk Head of CDID expressed her appreciation
if there would be supportive materials available for teachers about how to better utilize teaching
time in class. Deputy Team Leader of the JICA Expert Team explained that necessary
materials for the full implementation will be compiled as the Strategy documents, and one
material for the Training of Trainers (ToT) will address the issue.

9. Natural Science Education Curriculum Desk Head of CDID, stating that curriculum
reform is a cyclic process, expressed her request for JICA to support CDID with the next cycle

of curriculum reform.

10. M. Biruk, Program Officer of JICA Ethiopia Office, congratulated CDID and MUST
project on their achievement. He explained that JICA would continue collaboration with
MoE toward the next stage, particularly through Ms. Nakazawa and another advisor to be
assigned soon.

11.  Ms. Nakazawa, Mathematics and Science Education Advisor to MoE, understood that
for teachers it would not be easy to teach according to the A-D-E-E structure. However, she
would look forward to the full implementation of the new textbooks because she observed in
some lessons that teachers paid attention to individual students and checked their solutions, a
phenomenon she never observed in other African countries.  She also noticed that one teacher
quickly modified his way of teaching after he received comments from experts from Sub-City
and Addis Ababa Education Bureau who observed the teacher’s lesson using the rubrics. By
witnessing this, she was convinced that subject teachers’ meetings using the rubrics supported
by principal/vice principals would be the key to the continuous professional development that
is sustainable.

12.  Deputy Team Leader of the JICA Expert Team suggested MoE to initiate a national
campaign to urge students to bring their textbooks to classes as one of the measures to promote
the utilization of the new textbooks in the full implementation phase.
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13. Mr. Takano, Senior Representative of JICA Ethiopia Office, appreciated the active
discussion held throughout the meeting. Impressed by the very positive responses by the
teachers who participated in the experience sharing workshop, he hoped that there would
emerge good leaders from among them. He also appreciated the positive results gained from
various tests, which might strongly encourage the teachers. He stressed that JICA would
continue supporting MoE and proposed to keep close sharing of information.  He congcluded
the meeting with appreciation of cooperation by Mok and CI)II)W
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The Ministry of Education (MoE), in cooperation with Japan Intemational Cooperation Agency
(JICA). convened the sixth Joint Coordinating Committee mecting on the “Project for
Mathematical Understanding for Science and Technology™ on 24 July 2023 at the Meeting
Room of the EMIS Directorate in the MoE annex building.

The meeting was attended by the Ministry of Education, JICA Ethiopia Office and the JICA
Experts for the Project. A list of attendants is as below. The meeting discussed following
agenda and reached the conclusions as recorded.

Date: 24 July 2023 (Monday)
Time: 9:00~10:00 am
Venue: Meeting Room, MoE

Attendants:

Dr. Theodros Shewarget Lead Executive Officer, MoE

Ms. Zafu Abraha Natural Science Education Curriculum Desk Head, CDID,
MoE

Mr. Tesfaye Sileshi Mathematics Expert, CDID. MoE

Dr. Katsuki Morihara Chief Representative, JICA Ethiopia Office

Mr. Biruk Zenebe Program Officer, JICA Ethiopia Office

Ms. Ikumi Ishidate Representative, JICA Ethiopia Office

Ms. Junko Nakazawa Mathematics and Science Education Advisor to MoE

Dr. Norimichi Toyomane JICA Expert. Team Leader

Mr. Masato Kamoda JICA Expert

Ms. Yumi Sekiguchi JICA Long-Term Expert

Mr. Takele Alemu Project Rescarch Assistant

Agenda:

To review “Report on the Pilot Monitoring and Evaluation™

1.

2. To review “Project Completion Report™
3 To confirm Project’s achievements

4. To discuss the way forward after MUST
Discussion:

1. Ms. Zafu, Natural Science Education Curriculum Desk Head, CDID, opened the
meeting appreciating the technical support MUST project provided for MoE's national
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curriculum reform.  She expressed her confidence that the revised curriculum would meet the
intemational standards. Since the validity of the new curriculum had yet 10 be assessed,
however, she requested JICA to technically support the implementation and evaluation aspects
of the new curriculum and the development of lesson support materials based on the new
textbooks for Math and, if possible, science subjects.

2 Dr. Theodros, Lead Executive Officer of MoE, first stated that the cooperation with
JICA had successfully achieved the broad task and thanked JICA, MUST project and its team
members for their accomplishment.  Describing the MUST project as a successtul journey,
he led our attention 1o the next steps.  Since curriculum is just one part of quality education,
he invited all to the next step cooperation in such arcas as teachers’ quality and other subjects
than mathematics like science.

3. Dr. Toyomane, Team Leader of the JICA Expert Team, then made a presentation on
the four agenda.  In his presentation, he emphasized three main achievements done by MUST
project: 1) Introduction of the A-D-E-E structure: 2) Verification of the positive effect of the
A-D-E-E structured textbooks and lessons on students” better achievement in mathematics; and
3) Development of a set of resource materials to facilitate teachers to conduct A-D-E-E lessons
using the new textbooks. He then made some recommendations for MoE to consider: 1)
Distribute the new textbooks; 2) Train teachers on the new teaching method: 3) Support
teachers with those activities described in the resource materials: and 4) Initiate a national
campaign to urge students to bring the textbooks to school.

4. Ms, Ishidate, Representative of JICA Ethiopia Office, asked the current status of
printing of the new textbooks. Lead Executive Officer explained that the printing company
had been selected and the contracting process was to be finalized soon.

¥ Ms. Sekiguchi, JICA Long-Term Expert, asked if the curriculum documents were still
under revision. Lead Executive Officer answered that the documents were finalized and the
new textbooks were developed based on them.  He added that though their hard copies had
not been shared yet, their soft copies were available for sharing.

6. Dr. Morihara, Chief Representative of JICA Ethiopia Office. first congratulated MoE
on successful completion of the MUST project.  He thanked State Minister for his support
and guidance. He explained that education had been one of JICA's top priorities in Ethiopia
and MUST project was one such project that utilized strengths of Japan's cooperation.
Nonetheless, he added, MUST project had 10 modify its framework several times due to Covid-
19. etc., which was unusual.  Despite the difficulties, the MUST project finally succeeded and
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made significant achievements, such as the A-D-E-E approach. Strong support, both from
the Ethiopian and the Japanese sides, made it possible, he appreciated.  He also appreciated
the JICA Expert Team's dedication and uncompromising efforts to improve the textbooks,
done always working hand in hand with Ethiopian counterparts.  As future steps, he proposed
to donate 20 million yen for the purpose of textbook printing and to dispatch long-term experts
in support of MoE to institutionalize the A-D-E-E approach and ensure the utilization of the
new textbooks.  He concluded the meeting with a great appreciation of cooperation by Mok
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